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Abstract 
The macrophyte vegetation, the epilithic diatoms and the physico- 
chemical characteristics of the stream Lauterbach, a small calcare- 
ous stream in Bavaria (Germany) were studied. The stream Lauter- 
bach was divided into 20 mapping sections. In each section the 
quantity of macrophyte species was estimated according to a five de- 
gree scale. A sample of epilithic diatoms was taken and the physico- 
chemical characteristics were measured in each section. The distri- 
bution of "trophic points" was calculated according to a new classi- 
fication of species in trophic lasses developed inBavaria. The com- 
parison of the results of the macrophytes and the diatoms howed 
various differences, but according to both systematic groups the 
stream Lauterbach can be classified as oligotrophic. The chemical 
and physical parameters support his classification. The physico- 
chemical differences between the 20 mapping sections were too 
small to give a clear picture of differences in the trophic situation on 
a smaller scale. Regardless of the overall characterisation f the 
stream Lauterbach as clearly oligotrophic the macrophytes showed 
three typical declines in the proportion of "oligotrophic plus oligo- 
mesotrophic points". Two of these declines are clearly associated 
with the observation fmassive growth of green algae in those areas. 
They are possibly Caused by the influence of a golf court and an in- 
flow into the stream Lauterbach. The third one can be linked to a no- 
ticeable amount of waste in the stream. 
1. Introduction 
A common method in monitoring running waters is to exam- 
ine the saprobic loading. KOLKWITZ & MARSSON (1909) de- 
veloped the system of saprobity to indicate the amount of or- 
ganic biodegradable substances. At the beginning of the cen- 
tury communal waste water was the worst charge to open 
water bodies. Today various factors cause different nui- 
sances to lotic systems. Besides acidification (MELzER & 
ROTHMEYER 1983; ROELOFS 1983; FARMER 1990; TREMP & 
KOHLER 1995), toxic substances (BEST 1982; GARG & CHAN- 
DRA 1990; GUPTA et al. 1996; VAN DEN BRINK et al. 1997) 
and structural degradation (MAucH 1992; WILD & KUNZ 
1992) the nutrient input becomes increasingly important. 
The nutrients originate from distinct as well as from diffuse 
sources, often from agricultural reas. The biodegradation f 
organic substances today mostly takes place in wastewater 
treatment plants. In case of nonexisting phosphate limina- 
tion and denitrification nutrients like nitrate, ammonia nd 
phosphate reach the lotic systems. There they cause in- 
creased primary production and after the decomposition of
the plant biomass also an increase in secondary loading. 
The trophic situation indicates the loading of a water body 
with inorganic nutrients and the accelerated growth of plants. 
According to GASPERS & KARBE (1966) trophy is defined as 
the intensity of the phototrophic primary production. Eu- 
trophication is the increased trophy caused by increased 
availability and utilization of nutrients (see also DIN 4049). 
The map of the trophic situation of Bavarian water bodies 
dating from 1995 separates the trophy from the saprobity 
(Bayerisches Staatsministerium ftirLandesentwicklung und 
Umweltfragen 1996). In different ypes of running waters 
eutrophication causes different reactions. Therefore the lotic 
systems have been subdivided in plankton-, periphyton- and 
macrophyte-dominated running waters (MAUCH et al. 1998). 
The Bavarian project "Mapping of the trophic state in run- 
ning waters" resulted in a new scheme to classify the trophic 
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situation of periphyton- and macrophyte-dominated running 
waters (Bayerisches Landesamt fiir Wasserwirtschaft 1998). 
In the present publication the two different systems based 
on macrophytes and diatoms both were tested at the same 
time. The question is to what extent he two systems comple- 
ment each other or can be regarded as equivalent. 
2. Study Area 
The stream Lauterbach is situated in Bavaria (Germany) be- 
tween the towns Farchant (671 m above sea level) and 
Eschenlohe (639 m above sea level). It runs through an area 
where drinking water for the city of Munich is gained. The 
total length of the stream is about 5 km. About 100 m before 
the inflow of the stream Lauterbach into the river Loisach an 
average discharge of 1.36 m3/s [average discharge of the years 
1954 to 1982, BRAUN & HEINZMANN (1988)] was measured. 
The stream Lauterbach is a typical groundwater creek. It has 
its source at the margin of a valley near a golf court through 
which the stream flows in the mapping sections 3 to 5. In the 
further course it flows through litter meadows and reed. 
3. Materials and Methods 
3.1 Macrophyte mapping 
The stream Lauterbach was divided into 20 mapping sections of dif- 
ferent lengths, based on uniformity of morphological characteristics, 
substrate conditions, flowing velocity and homogeneity of vegeta- 
tion (for details ee KOHLER & SCH~ELE 1985; MELZER 1993). In Au- 
gust 1998 in each section the quantity of species was estimated 
based on a five degree scale (1 = very rare; 2 = infrequent; 3 = com- 
mon; 4 = frequent; 5 = abundant, predominant). 
3.2 Diatom sampling 
In November 1997, February and May 1998 a sample of epilithic di- 
atoms was taken at the beginning of each macrophyte mapping sec- 
tion. The samples were prepared according to VAN DER WERFF 
(1955, cit. in KRAMMER & LANOE-BERTALOT 1986). At least 400 
frustules were identified in each sample. 
3.3 Calculation of"trophic points" 
The calculation of trophic points in each section of the stream 
Lanterbach was based on the "distribution of trophic points", de- 
scribed in Bayerisches Landesamt fiir Wasserwirtschaft (1998). The 
authors described the presence of certain species based on the distri- 
bution of 20 points in the trophic categories oligotrophic to hyper- 
trophic (diatoms) and oligotrophic to polytrophic (macrophytes) 
(Table 1). The different subdivisions of the trophic categories for 
macrophytes and diatoms are clue to methodical reasons (see Bay- 
erisches Landesamt fiir Wasserwirtschaft 1998). 
For each sampling site the average abundance of every diatom 
species was multiplied with the points in each trophic category. In 
order to calculate the relative amount of points per sampling site the 
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Table 1. Example of the distribution of 20 points according to Bay- 
erisches Landesamt fiir Wasserwirtschaft (1998) (o = oligotrophic, 
m = mesotrophic, eu = eutrophic, p = polytrophic, h= hypertrophic). 
Species Trophic categories 
o o-m m m-eu eu eu-p p 
Macrophytes: 
Chara intermedia 13 5 2 0 0 0 0 
o m en eu-p p p-h h 
Diatoms: 
Amphora pediculus 1 2 6 6 5 0 0 
Table 2. Connection between the five-degree-scale nd the quantity 
of submerged macrophytes. 
Five-degree-scale Plant quantity 
1 1 
2 8 
3 27 
4 64 
5 125 
points of all species present were summed up. The calculation for 
the diatoms is based on a comparison of abundances, which is the 
relative quantitative distribution of species. The standing crop of 
macrophytes however is estimated on a five-degree-scale which has 
to be related to a quantitative number. The cubed five-degree-scale 
gives a good estimation of the biomass of submerged macrophytes 
(MELZER 1988) (Table 2). 
The plant quantity was multiplied with the points in each trophic 
category to calculate the relative amount of points per mapping sec- 
tion. Assuming that every species has atrophic categorization the 
amount of points theoretically achievable is calculated from the sum 
of valves (diatoms) respectively the sum of plant quantities (macro- 
phytes) multiplied by 20. To obtain the figures the relative amount of 
points in each trophic category plus the non-indicating proportion 
was calculated (Fig. 2). 
3.4 Water chemistry and physics 
From September 1997 to August 1998 water samples were taken 
monthly from the beginning of every mapping section. Conductivi- 
ty, pH, oxygen and temperature were measured with portable mea- 
suring devices (WTW). The following parameters were determined 
on the sampling day. All samples were filtered (0.45 Jam) except 
those for the determination f total phosphorus. 
Parameter and method: 
Total phosphorus: Nanocolor 300D, Macherey & Nagel 
SRP: MURPHY & RILEY (1962) 
Ammonia: DIN 38 406 E5-1 (DEV 1996) 
Nitrate: HPLC [column 302 IC 4.6 (VYDAC), UWVIS- 
detector, wavelength 200 nm, eluent 35raM 
KH2PO4, pH 3.6] (the filtered samples were deep- 
frozen until measuring, only the samples from 
August 1997 to February 1998 were analysed) 
For the figures the median was calculated from the 12 samples as 
well as the 10%- and 90%-percentile. 
4. Results 
4.1 Water chemistry and physics (Fig. 1) 
The water temperature (median 7.5 °C) and the conductivity 
(median 435 gS/cm) of the stream Lauterbach ad a nearly 
constant value. The only exception is site 5, where tempera- 
ture (median 8.2 °C) as well as conductivity (median 459 
~S/cm) have a slightly enhanced value. At this site a small 
creek flows into the stream Lauterbach. The temperature 
fluctuations increase from the spring to the mouth, whereas 
the conductivity fluctuations decrease. The pH-value shows 
a slight increase downstream from 7.65 to 7.82, as well as 
the amount of oxygen (from 68% = 7.5 rag/1 to 98% = 10.6 
mg/1). Site 5 shows a minimum pH value of 7.55. The silicate 
concentrations show a decreasing tendency from site 1 to site 
5 (from 1.3 rag/1 to 1.2 rag/l). For all other sites up to the 
mouth of the stream Lauterbach the silicate concentrations 
fluctuated around 1.2 mg Si/h Ammonia concentrations stay 
on a low level but show a decreasing tendency from the 
spring to the mouth of the creek from 7.5 ~g/1 to 4 ~g/1 NH4- 
N. The nitrate-concentrations are also slightly decreasing 
downstream from 1.1 to 0.97 mg NO3-N/1. The SRP-concen- 
tration however shows a constant value below the detection 
limit (median lower than 2 ~g/1 P). The total phosphorus 
concentration is at a barely measurable vel and slightly in- 
creases downstream (from 1 ~g/1 to 6 gg/1 P at site 19, at site 
20 the total phosphorus concentration has a somewhat lower 
level of 3.3 lag/1 P). 
In general the nutrient concentrations in the stream 
Lauterbach are at a very low level. 
4.2 Macrophytes 
A total of 28 taxa of submerged macrophytes was found in 
the stream Lauterbach. Seven of them were Bryophytes and 
four Characeae. The taxa dominating and occurring in every 
mapping section are Agrostis tolonifera nd Mentha aqua- 
tica (Spermatophyta), Chara hispida (Charales) and Crato- 
neuron commutatum (Bryophyta). In approximately half of 
the mapping sections Chara aspera and Chara intermedia 
occur in significant frequencies. Other important species are 
Chara delicatula, Juncus articulatus and Juncus subnodulo- 
sus. Overall the vegetation of the creek is dominated by the 
Characeae. Of the species mentioned all of the Characeae, 
Juncus subnodulosus and Cratoneuron commutatum are 
classified according to the 20-points-system (Bayerisches 
Landesamt fi]r Wasserwirtschaft 1998). All of them mainly 
occur in the oligotrophic and oligo-mesotrophic categories. 
For the macrophytes there is an overall high proportion of 
non-indicating points (Fig. 2). The proportion of points in 
the oligotrophic plus oligo-mesotrophic category increases 
from the spring to the mouth of the stream Lauterbach from 
about 40% to 60-70% (Fig. 3). In the last section (number 
20) the proportion decreases to 35%, caused by the high pro- 
portion of non-indicating species (59% of the points theoret- 
ically achievable could not be classed in trophic categories). 
Local minima of the points in the oligo- plus oligo-meso- 
trophic categories are in the sections 5 and 11 (Fig. 3). They 
are also accompanied by high proportions of non-indicating 
points. Over the whole stretch of the stream Lauterbach the 
proportion of points in the meso- to polytrophic ategory re- 
mains at a more or less constant level of about 8% of the the- 
oretically achievable points. The maxima of 18% are situated 
in the sections 2 and 19. This is caused by the presence of the 
tolerant species Fontinalis antipyretica in section 2 and by 
the occurrence of the more eutrophic species Zannichellia 
palustris and Elodea canadensis n section 19. 
4.3 Diatoms 
A total of 164 taxa was found in the 60 samples. Dominating 
species (i.e. missing in less than 5 of 20 samples in each of 
the 3 sampling occasions) are Achnanthes minutissima 
K~TZ]NG, Achnanthes minutissima var. gracillima (MEISTER) 
LANGE-BERTALOT, Amphora pediculus (K13TZING) GRUNOW, 
Cocconeis placentula EHRENBERG, Cymbella microcephala 
GRUNOW, Denticula tenuis K~TZING, Diatoma moniliformis 
K/.)TZING and Gomphonema l teripunctatum REICHARDT & 
LANGE-BERTALOT. Each of these taxa shows a more or less 
constant distribution over the whole stretch of the stream 
Lauterbach and is classified according to the 20-points-sys- 
tem (Bayerisches Landesamt ffir Wasserwirtschaft 1998). Of 
the taxa mentioned above only Achnanthes minutissima var. 
gracillima has its trophic location exclusively in the olig- 
otrophic category, whereas Cymbella microcephala nd 
Gomphonema l teripunctatum are most prevalent in the 
oligotrophic ategory. The other species are more or less nu- 
trient tolerant, Diatoma moniliformis has its main distribu- 
tion in the eu-polytrophic category. 
Furthermore the occurrence of Epithemia goeppertiana 
HmSE is striking. Directly at the spring of the stream Lanter- 
bach (site 1) this species has an abundance of up to 34%, 
whereas the taxon is missing or very rare at the other sites. 
This species could not yet be classified in trophic categories 
for running waters. 
With the exception of the spring (site 1) the distribution of 
points for the diatoms hows a quite small proportion of non- 
indicating points, i.e. a value below 10% (Fig. 2). The pro- 
portion of points in the oligotrophic ategory slightly in- 
creases from the spring to the mouth of the stream Lauter- 
bach (from 33% at site 1 to approx. 64% at site 18, the last 
two sites 19 and 20 however have a proportion of approx. 
40%) (Fig. 3). The maximum of points in the oligotrophic 
category (67%) is situated at site 16. The points in the meso- 
to hypertrophic categories remain almost constant. Minima 
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Fig. 1. Water chemical and physical parameters in the stream Lauterbach (displayed are the median, 90%- and lO%-percentile). 
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in the oligotrophic ategory parallel maxima in the meso-hy- 
pertrophic ategory and vice versa. The only exception is site 
1, caused by the presence of the non-indicating Epithemia 
g oeppe rtiana. 
5. Discussion 
The categorization of the trophic points for the diatoms 
ranges from oligotrophic to hypertrophic without any transi- 
tional categories between oligo-, meso- and eutrophic. In 
contrast the system for the macrophytes ranges from oligo- 
trophic to polytrophic, including every transitional category. 
Therefore in analyzing the data the problem of allocating the 
transitional categories arises. For this reason setting up a 
mathematical equation is a problem. Since the 20-points-dis- 
tribution is still in its testing phase, a suitable system to cal- 
culate atrophic index for individual sections or study sites 
needs to be developed. The construction of any new calcula- 
tion method would have to take into consideration different 
types of running waters as well as different rophic loadings. 
Of the 4 dominating macrophyte species Chara hispida 
and Cratoneuron commutatum are classified in trophic cate- 
gories for running waters (Bayerisches Landesamt f ir Was- 
serwirtschaft 1998). Chara hispida (18 points in the oligo- 
trophic category, 2 in the oligo-mesotrophic) s widely ac- 
cepted as an indicator for nutrient poor conditions (MELzER 
1993; BOe,~ETTE et al. 1996; CARBIENER et al 1990; KOHLER 
et al. 1994). However there are hardly any publications on 
the nutrient preferences and tolerances of Cratoneuron com- 
mutatum available. The species Agrostis stolonifera and 
Mentha aquatica have to be regarded as nutrient olerant 
(HASLAM 1987; ROBACH et al. 1996), even if Mentha aqua- 
tica sometimes grows in a community with Chara hispida 
(BoRNETTE et al. 1996). The five remaining dominant macro- 
phyte species (Chara intermedia, Chara aspera, Chara deli- 
catula, Juncus articulatus and Juncus subnodulosus) mostly 
occur under nutrient poor conditions. 
In contrast to the macrophytes only Achnanthes minutissi- 
ma var. gracillima of the 8 dominating diatom species is con- 
sidered as strictly oligotrophic (HOFMANN 1994; LANGE- 
BERTALOT 1996). Cymbella microcephala and Gomphonema 
lateripunctatum are regarded as nutrient olerant but have 
their ecological optimum in the oligotrophic ategory. All 
other diatom species are more or less tolerant (HOFMANN 
1994; LANOE-BERTALOT 1996), Diatoma moniliformis even 
shows its main distribution in the eu-polytrophic category 
(LANGE-BERTALOT 1996; PIPP & ROTT 1993). 
The chemical measurements support he classification of 
the stream Lauterbach as an oligotrophic stream. The para- 
meters measured are affected neither by the golf course in 
sections 3 to 5 nor by the inflow in section 18 in a definite 
way (Fig. 1). 
Overall the proportion of points in the oligo- plus oligo- 
mesotrophic category of the macrophytes shows an increas- 
ing tendency from the spring to the mouth of the stream 
Lauterbach (Fig. 3). However, in sections 3to 5, sections 9to 
11 and sections 18 to 20 there is a noticeable decrease in that 
proportion. The sections 3 to 5 are situated within the golf 
course, and considerable amounts of green algae cover the 
submerged plants at times. At the beginning of section 9 a 
small pipe having its source in the neighbouring rass land 
flows into the stream Lauterbach. The same place is also 
used as a small resting place for hikers. Noticeable amounts 
of waste can be found especially in section 11. In section 18 a 
small, obviously nutrient enriched stream flows into the 
stream Lanterbach. Just below this site distinct coverings of 
green algae develop especially in winter. So each of the three 
declines in oligotrophic plus oligo-mesotrophic points is as- 
sociated with a more or less obvious input of nutrients or 
some other perturbance influencing the stream Lauterbach, 
even if they are not detectable by the water chemical para- 
meters measured. There are several reasons why those in- 
fluences may not be traceable with water chemical para- 
meters: 
1. The nutrients are diluted by the water of the stream 
Lauterbach, so that the increase in concentration is to 
small to be detected, 
2. The nutrient input into the creek is discontinuous, de- 
pending on the precipitation, i.e. can be detected only 
after certain incidents. 
3. The nutrients have been retained in the sediment, so they 
are available for the plants but not detectable in the water. 
The diatoms do not reflect this development as clearly. 
The samples were taken from a distinct point at the begin- 
ning of every mapping section, whereas the macrophytes 
were mapped along stretches of the running water. Therefore 
their composition represents the integrated trophic situation 
over whole sections. The reaction of the diatoms to nutrient 
input depends on whether the sampling site lies within the 
range of this influence. If the sampling site for example lies 
near a diffuse groundwater inflow the reaction may be over- 
cast by the groundwater influence. Whereas the diatoms 
show no reaction to the golf course, site 9 shows the mini- 
mum of points in the oligotrophic ategory and sites 19 and 
20 have a lower proportion of points in the oligotrophic ate- 
gory than the sites upstream. 
For both macrophytes and diatoms the main proportion of 
points is generally in the oligotrophic category. In case of the 
diatoms the number of points in the oligotrophic ategory 
only slightly increases towards the mouth of the stream 
Lauterbach whereas for the macrophytes the amount of these 
points combined with the points in the oligo-mesotrophic 
category shows an obvious increase. This is due to the fact 
that downstream Characeae become more and more abun- 
dant. The general decrease of shading and the reduced influ- 
ence of the spring with its characteristical physical condi- 
tions (low oxygen, constant and relatively cold temperature) 
influence the growth of submerged plants. The oligotrophic 
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Characeae only dominate if there is little or no shade. For 
this reason the abundance of shadow and nutrient olerant 
species, such as Nasturtium officinale and Fontinalis an- 
tipyretica, in shaded sections (sections 1 to 7) is easily over- 
estimated. 
The proportion of points in the mesotrophic category plus 
those of higher nutrient loading remains for both the macro- 
phytes and the diatoms almost constant from the spring to 
the mouth of the creek. For the macrophytes this proportion 
amounts to approx. 8% of the total proportion of points 
whereas it is approx. 50 % for the diatoms (from 32% at site 
16 to 64 % at site 9). This can be explained by the high pro- 
portion of nutrient olerant diatom taxa. Of the dominating 
diatom species mentioned only Achnanthes minutissima var. 
gracillima is located exclusively in the oligotrophic atego- 
ry. All other taxa also have points in the mesotrophic (Gom- 
phonema lateripunctatum), the eutrophic (Cymbella micro- 
cephala, Denticula tenuis) and even the polytrophic category 
(Achnanthes minutissima, Amphora pediculus, Cocconeis 
placentula, Diatoma moniliformis, the latter is characterized 
by points exclusively in eutrophic to polytrophic ategories). 
The high nutrient olerance of these species is reflected by 
the 20-points-distribution a d results in a comparatively 
high proportion of points in the upper trophic categories. 
Summarizing the results one can conclude that particular- 
ly the macrophyte vegetation reflects both the overall oligo- 
trophic character and the external influences caused by in- 
flows and by the surrounding area of the stream Lauterbach. 
Once a suitable calculation method for atrophic index is de- 
veloped it will be possible to adjust the macrophyte based 
and the diatom based systems to one another and to eventual- 
ly use this system to indicate the trophic situation of running 
waters. 
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